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ber septa 722 and 723 can be incorporated into orthogonal
facets of chamber 705 to form a water-tight seal for engage-
ment/disengagement.

[0117] In certain embodiments, actuators 702 and 703 can
be housed in stainless steel needles 712 and 713 that will
penetrate self-sealing rubber septa 722 and 723 built into
tissue processing chamber 705. In particular embodiments,
two actuator/needle units can penetrate orthogonal sides of
chamber 705 and can work together to move the tissue into
any orientation. Once the tissue is in the chamber, a single
actuator can penetrate the septum and a vacuum can be
deployed. The actuator can be rotated and linearly translated
via precision stepper motors to provide precise and accurate
positioning of the specimen.

[0118] Vacuum suction can be applied to the hollow tube
actuator at the same time saline is added to maintain a
constant liquid volume. Once anchored to the actuator, the
sample can be rotated fully about the deployed actuator axis
and imaged using a visible wavelength camera. The second
actuator can be deployed while the first actuator is disen-
gaged, and the tissue can be imaged along the second
actuator axis.

[0119] Optical systems interfacing with the tissue process-
ing chamber can include an ultrafast laser, camera and OCT.
An ultrafast laser (including for example, those available
from Uranus-mJ, PolarOnyx Laser, USA) providing 1030
nm 500 fs pulses at a pulse energy of 0.5 mJ and repetition
rate of 100 kHz on the specimen is utilized for rapid plasma
ablation of tissue. The ultrafast laser beam can be combined
with the OCT-MPL excitation beam by a dichroic mirror
before the galvanometers. A CCD camera (including for
example, acA1300-30 gc, Basler, Germany) at the back
aperture of the objective can be used for tissue specimen
alignment in the lateral plane, while OCT can be employed
for specimen alignment in the axial plane. The ultrafast laser
beam can be scanned in combination with actuator move-
ment to trim edges of the tissue specimen to create a planar
slab geometry with 500 pm thickness.

[0120] Exemplary embodiments of tissue processing sys-
tem 700 can provide for efficient processing of tissue speci-
mens and reduced processing times. In particular embodi-
ments, a tissue specimen can be processed into a 500 pm
thick planar slab geometry with two cut surfaces in less that
sixty seconds (where the processing time is measured from
the moment the tissue enters the processing chamber to the
time when the ultrafast laser completes cutting the second
planar interface).

[0121] Exemplary embodiments of the combined OCT-
MPL fiber-based imaging systems (e.g. comprising swept-
source OCT and MPL imaging modules and scanning
optics) can be utilized to complete the image-based OCT-
MPL assay.

[0122] In exemplary embodiments, an image-based OCT-
MPL assay can be performed to demonstrate simultaneous
detection of structure and composition of processed tissue
slabs and diagnose whether cancer is present. Tumor tissues
can be obtained from patients undergoing cancer surgery and
MPL images recorded from both sides of the processed
tissue slab and merged into a single volumetric image.
[0123] MPL images can indicate the presence of tissue
constituents including lipids, calcium and collagen/elastin
fibers. The energy state of the tissue can also be analyzed
from the MPL signal including NADH and FAD+, which are
involved in the Krebs cycle, since cancers will have an
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increased metabolic state compared to normal tissues. MPL
emission spectra recorded (e.g. by photodetectors such as
PMTs) can further distinguish these tissue types and redox
states. Hach co-registered en face OCT image can be merged
with the MPL image to overlay biochemical composition
onto the tissue OCT structural image. Inasmuch as OCT and
MPL signals are due to two complementary types of optical
contrast (e.g., scattering and multiphoton absorption/emis-
sion, respectively), regions with strong/weak MPL emission
correspond to weak/strong OCT signal, providing a com-
prehensive interpretation of the processed tissue block. A
three-dimensional OCT dataset can also be merged with
corresponding MPL images, demonstrating three-dimen-
sional distributions of tissue constituents and energy states
in relation to surface profile and structure.

[0124] After completion of the image-based MPL-OCT
assay, tissue slabs can be processed using standard histology
for the presence of cancer by a pathologist. By comparing
the histological diagnosis with the image-based MPL-OCT
assay a training set that identifies diagnostic parameters in
MPL-OCT images can be determined using principal com-
ponents analysis (PCA). A number of recent studies suggest
that multiphoton luminescence (MPL) and optical coherence
tomography (OCT) can be used to detect cancer.

[0125] All of the devices, systems and/or methods dis-
closed and claimed herein can be made and executed with-
out undue experimentation in light of the present disclosure.
While the devices, systems and methods of this invention
have been described in terms of particular embodiments, it
will be apparent to those of skill in the art that variations may
be applied to the devices, systems and/or methods in the
steps or in the sequence of steps of the method described
herein without departing from the concept, spirit and scope
of the invention. All such similar substitutes and modifica-
tions apparent to those skilled in the art are deemed to be
within the spirit, scope and concept of the invention as
defined by the appended claims.
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